1. Introduction {#sec1}
===============

Pancreatic ductal adenocarcinoma (PDAC) is frequently prescribed as one of the most lethal malignancies, which remains the most difficult to treat carcinoma \[[@bib1], [@bib2]\]. It is generally known that aberrant activation and/or inactivation of genes are involved in the carcinogenesis and development of cancer. The previous research on PDAC suggests that abnormal expression of genes play an important role on the occurrence and progression of this neoplasm \[[@bib3], [@bib4]\]. Studies over past decades have provided molecular information on PDAC, such as KRAS, PI3K, PTEN, mTOR and signal pathways involved in apoptotic signal, cell cycle regulation signal, cell adhesion pathway and so on \[[@bib5], [@bib6], [@bib7], [@bib8]\]. However, it is still hard to interpret the pathological mechanism of PDAC, which leads to absence of effective drug and high medical cost. This paper attempts to provide insights into the exploration of PDAC biomarkers via various databases and bioinformatical approaches.

With rapid development of technology, massive data is generated from high throughout detection, which is widely used to analyze key molecules in various biological progress of neoplasm [@bib9]. Microarray technology is designed to screen the candidate gene, which gradually becomes the foundation of diagnosis and treatment \[[@bib10], [@bib11]\]. The information of microarray, especially distinct datasets of carcinoma subtype, is not fully analyzed.

In this paper, three PDAC datasets were firstly reviewed in GEO database. We further sought to obtain the differentially expressed genes (DEGs) using GEO2R, which was a bioinformatical method based on R Language. After we gained 1006 overlap genes among three datasets, the enrichment analysis of biological function and pathway was utilized with Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). Subsequently, a holistic approach of protein-protein interaction network was performed with Search Tool for the Retrieval of Interacting Genes (STRING) and Cytoscape. The total of 25 hub genes were finally preferred to analysis from hub genes with cBioPortal and UCSC Xena. To consolidate our findings, the hub gene was input into Oncomine database to determine the most potential gene named candidate gene. In conclusion, the analysis work presented here provides that 8 candidate genes were identified from 25 hub genes, including CXCL5, CCL20, NMU, F2R, ANXA1, EDNRA, LPAR6, and GNA15. Our findings of candidate gene would contribute to the exploration of PDAC biomarker.

2. Materials and methods {#sec2}
========================

2.1. The analysis of microarry data {#sec2.1}
-----------------------------------

Three gene expression datasets ([GSE101448](ncbi-geo:GSE101448){#intref0010} ​[@bib12], [GSE91035](ncbi-geo:GSE91035){#intref0015}, [GSE71989](ncbi-geo:GSE71989){#intref0020}) were analyzed and downloaded from GEO (<http://www.ncbi.nlm.nih.gov/geo>) [@bib13], which is public functional genomics data base of high throughout gene expression pool, especially the data of chips and microarrays. The [GSE101448](ncbi-geo:GSE101448){#intref0030} dataset contained 43 tissue including 24 PDAC samples and 19 normal samples. The [GSE91035](ncbi-geo:GSE91035){#intref0035} dataset contained 48 tissue including 25 PDAC samples and 23 normal samples. The [GSE71989](ncbi-geo:GSE71989){#intref0040} dataset contained 21 tissue including 13 PDAC samples and 8 normal samples.

2.2. Identification of DEGs {#sec2.2}
---------------------------

The DEGs was analyzed by GEO2R (<http://www.ncbi.nlm.nih.gov/geo/geo2r>), which is the web tool of GEO platform to compare datasets so that researchers can identify the DEGs under dataset. In the option of GEO2R, Benjamin & Hochberg (False discovery rate) was applied for adjustment to the P-values. The log transformation was applied with Auto-detect. The Category of Platform annotation to display on results was "NCBI generated" (not Submitter supplied). The fold change value (logFC) and adjusted P values (adj. P) were performed to discover the statistically significant genes. The absolute value of fold change≥1.5 and adj. P value ≤ 0.01 were considered statistically significant. Point without gene symbols was removed. The Venn diagram was used to generate overlap results of different gene lists as a graphical output.

2.3. KEGG and GO enrichment analysis of DEGs {#sec2.3}
--------------------------------------------

The GO and KEGG information of DEGs were achieved from the online cancer biological data repository DAVID (<https://david.ncifcrf.gov/home.jsp>, version 6.8) [@bib14]. KEGG is a database resource for understanding high-level functions and utilities of the biological system [@bib15]. GO is a major bioinformatics web tool for annotating genes and analyzing biological process from the molecular to the organism level network construction and module analysis [@bib16]. The biological analyses of DEGs was applied using DAVID. We chose TCGA Pancreatic Cancer (PAAD) including 196 samples. The Oncomine databsets used in this study were included Badea Pancreas, Logsdon Pancreas, Ishikawa Pancreas, Iacobuzio-Donahue Pancreas, Grutzmann Pancreas, and Buchholz Pancreas.

2.4. STRING analysis of network {#sec2.4}
-------------------------------

The STRING (<http://string-db.org>) (version 11.0) is an online database to analyze the functional network between two or multiple proteins, which provides insights into protein-protein interaction and predicts the mechanisms of development of PDAC in present study [@bib17]. The score = 0.900 was considered statistically significant. Protein-protein interaction of DEGs was also analyzed using Cytoscape software (version 3.7.1). Cytoscape is an open source bioinformatics platform which was constructed to apply for the visualization of protein-protein interaction network [@bib18]. The analysis of this network was applied using Cytoscape with Molecular Complex Detection (MCODE) (version 1.5.1). MCODE is a Cytoscape App and this version 1.5.1 was designed by Bader Lab in University of Toronto. This Cytoscape plugin was used to find clusters in a protein-protein interaction network [@bib19]. The configuration of MCODE was as follows: Degree Cutoff = 2, Node score Cutoff = 0.2, K-Core = 2, Max. Depth = 100.

2.5. Hub gene analysis {#sec2.5}
----------------------

The network and co-expression of hub genes were performed using cBioPortal (<http://www.cbioportal.org>) [@bib20]. The cBioPortal provides visualization and analysis of cancer genomics data. Cluster analysis of hub genes was applied on the web of UCSC Xena (<https://xenabrowser.net>) [@bib21]. Analysis type: cancer vs normal analysis. Cancer type: Pancreatic ductal adenocarcinoma. The candidate genes were selected from hub genes using Oncomine (<http://www.oncomine.com>), [@bib22], which is an online database with performance of unified searches. The lowest P value and highest fold change of dataset were the limitations for analyzing the differential analysis between normal and carcinoma data.

2.6. Statistics analysis {#sec2.6}
------------------------

GraghPad Prism 8.0 was used for statistics analysis. The Mann-Whitney test was assessed for expression of candidate gene in PDAC compared to that in Pancreas.

3. Results {#sec3}
==========

3.1. Identification of DEGs in HCC {#sec3.1}
----------------------------------

The results of DEGs were downloaded and standarded from GEO dataset with adj.P value and logFC. The total of 3788 in [GSE101448](ncbi-geo:GSE101448){#intref0075}, 14188 in [GSE91035](ncbi-geo:GSE91035){#intref0080}, 28990 in [GSE71989](ncbi-geo:GSE71989){#intref0085} were identified. The Venn Diagram was used to display the 1006 overlap genes among the three GSE datasets between normal sample and PDAC sample ([Fig. 1](#fig1){ref-type="fig"} A).Fig. 1Venn diagram and the most significant module of DEGs. (A) DEGs were selected with the absolute value of fold change≥1.5 and adj. P value ≤ 0.01 among the mRNA expression profiling datasets [GSE101448](ncbi-geo:GSE101448){#intref0150}, [GSE91035](ncbi-geo:GSE91035){#intref0155} and [GSE71989](ncbi-geo:GSE71989){#intref0160}. The 3 datasets showed an overlap of 1006 genes. (B) The most significant module was obtained from Cytoscape plugin MCODE.Fig. 1

3.2. GO and KEGG enrichment analyses of DEGs {#sec3.2}
--------------------------------------------

After identifying the overlap genes, the functional annotation of DAVID was performed to analysis GO and KEGG from DEGs with uploading of overlap gene symbol. The biological processes (BP), molecular function (MF) and cell component (CC) of DEGs were illustrated as GO analysis. The change of BP was mainly enriched in cell adhesion, extracellular matrix organization, and signal transduction (Supplementary Table 1). The change of CC was apparently enriched in extracellular space, extracellular exosome, and extracellular matrix (Supplementary Table 2). The MF was significantly in protein binding, receptor binding, and calcium ion binding (Supplementary Table 3). The change of KEGG was mainly enriched in pathways in pancreatic secretion, protein digestion and absorption, and focal adhesion (Supplementary Table 4).

3.3. Protein-protein interaction analysis {#sec3.3}
-----------------------------------------

The total of 1006 DEGs were selected from the GEO database. After STRING analysis, DEGs were analyzed and visualized with the Cytoscape software. There were several PPI prediction clusters. Finally, we selected the first cluster of 25 genes from the list of 26 PPI clusters using Cytoscape plugin MCODE ([Fig. 1](#fig1){ref-type="fig"} B). There are 14 upregulated genes and 11 downregulated genes. The names, abbreviations, regulation direction and functions of these 25 hub genes were shown in Table 1, with 14 upregulated genes including GNA15, LPAR5, CCL13, CXCL5, CCL20, GPSM2, NMU, FPR3, GNG10, EDNRA, F2R, ANXA1, GNB4 and LPAR6, and 11 downregulated genes including NPY5R, GALR3, LPAR3, PLCB1, ADORA1, CASR, C5, CHRM3, SST, GRPR and CCKBR.

3.4. Hub gene analysis {#sec3.4}
----------------------

The network and co-expression of 25 hub genes was revealed and visualized using cBioPortal platform ([Fig. 2](#fig2){ref-type="fig"} A). The cluster analysis was applied for differentiating the genes among subtypes and grades ([Fig. 2](#fig2){ref-type="fig"} B). These results, as shown in [Fig. 2](#fig2){ref-type="fig"}B, indicate that the expression of hub genes in PDAC seemed higher than that in other subtypes of pancreatic cancer. The most striking observation was that low expression section mainly enriched in G1 phase of the Pancreas Adenocarcinoma Other Subtype, not G2 or G3 ([Fig. 2](#fig2){ref-type="fig"} B). Subsequently, it was considered with low P value and high fold change to select 8 candidate genes with at least 3 PDAC datasets ([Fig. 3](#fig3){ref-type="fig"}). These candidate genes included CXCL5, CCL20, NMU, F2R, ANXA1, EDNRA, LPAR6, and GNA15. The 8 candidate genes were selected and analyzed the differential expression of pancreas compared with that of PDAC ([Fig. 4](#fig4){ref-type="fig"}). The most fold change of each candidate gene was as follows: CXCL5: P = 3.37E-13, fold change = 13.978. CCL20: P = 0.147, fold change = 1.670. NMU: P = 9.95E-4, fold change = 6.394. F2R: P = 7.08E-13, fold change = 5.095. ANXA1: P = 3.33E-10, fold change = 4.489. EDNRA: P = 4.87E-16, fold change = 3.711. LPAR6: P = 1.64E-9, fold change = 3.059. GNA15: P = 3.09E-9, fold change = 2.212.Fig. 2Interaction network and biological process analysis of 25 hub genes. (A) Hub genes and their co-expression genes were analyzed using cBioPortal. Nodes with bold black outline represent hub genes. Nodes with thin black outline represent the co-expression genes. (B) Hierarchical clustering of 25 hub genes was performed using UCSC Xena. In the first column graph on the right, upregulation of genes is marked in red; downregulation of genes is marked in green. In the second column graph on the right, there are three phases of cycles, including G1 (brown), G2 (purple), and G3 (yellow).Fig. 2Fig. 3Analysis of PDAC vs. normal tissue of 8 candidate genes from 3 datasets in Ocomine. Heat maps of 8 candidate genes expression in PDAC samples vs. normal samples.Fig. 3Fig. 4Expression analysis of PDAC vs. normal tissue of 8 candidate genes in the most significant dataset. mRNA expression of candidate genes in PDAC is compared to that in pancreas. \*\**P* \< 0.01, \*\*\**P* \< 0.001, and \*\*\*\**P* \< 0.0001.Fig. 4

4. Discussions {#sec4}
==============

Pancreas carcinoma is one of the most malignant tumors. PDAC, the pancreatic adenocarcinoma ductal subtype, carries the five-year survival rate of 8%, [@bib23], which regards PDAC as one of the most leading cause of cancer-related deaths worldwide. Prior studies have noted the importance of major mutated genes in the PDAC research [@bib24]. Abnormal expression level of genes is being investigated, thus the underlying mechanism of pancreas carcinoma, especially PDAC, will be elaborated. However, the molecular mechanisms of PDAC remain poorly understood. This study set out with the aim of determining hub genes of PDAC and analyzing the protein-protein interaction network based on the enrichment analysis. Then, the candidate genes selected from hub genes were finally identified with Oncomine analysis. This study would be conducive to molecular research of PDAC and pharmaceutical advantage in clinical treatment of PDAC.

The current study found the DEGs between normal samples and PDAC samples from 3 microarray datasets. The total of DEGs obtained from overlap genes is 1006 genes among these datasets. During the initial stage of this research, we actually found 5 microarray datasets in GEO including [GSE101448](ncbi-geo:GSE101448){#intref0090}, [GSE91035](ncbi-geo:GSE91035){#intref0095}, [GSE71989](ncbi-geo:GSE71989){#intref0100}, [GSE101462](ncbi-geo:GSE101462){#intref0105} and [GSE77858](ncbi-geo:GSE77858){#intref0110}. There was no gene of [GSE101462](ncbi-geo:GSE101462){#intref0115} and [GSE77858](ncbi-geo:GSE77858){#intref0120} datasets with adjusted P-values of 0.01 (data not shown). The adjusted P-values combined with fold change is important for screening DEGs. Therefore, the DEGs were finally screened from these 3 datasets. According to the absolute value of fold change≥1.5 and adj. P value ≤ 0.01, the analysis of 3 GES datasets provided 1006 genes. This enormous overlap data could be attributed to consistency of distinct datasets, with the reliability of these 3-research works. After MCODE analysis of Cytoscape software, we found a total of 25 hub genes among overlap data. There are 14 upregulated genes and 11 downregulated genes. These hub genes with their interaction network would be potential combined biomarkers with relevant treatment of PDAC.

We applied for the UCSC Xena to show the map of 25 hub genes expression under 3 conditions. There was no different between normal tissue and pancreas primary tumor. However, it was found that there was an overall decline in the expression of hub genes in other subtype of pancreas adenocarcinoma than that in PDAC. With the further analysis of tumor grade, it was apparent that the hub gene expression had a process of decrease in low grade of pancreas adenocarcinoma other subtype not grades of PDAC. It was suggested that the hub genes play distinct roles among different pancreas adenocarcinoma subtypes. Therefore, there should be further objective research of PDAC not pan-pancreas carcinoma.

To validate the role of hub gene in PDAC, the 25 hub genes were filtered in different datasets in Oncomine. Among these hub genes, 8 candidate genes were determined with significant over-expression in PDAC in different datasets of Oncomine database. The Oncomine result consolidated the administration of hub gene screen. Meanwhile, this analysis was available for exploration of more concrete targets. Combined with Oncomine analysis, it would provide more credible and meaningful data for the novel biomarker. It was somewhat surprising that all candidate genes were upregulated in the PDAC, which directly prompted the development of carcinoma.

Among the candidate genes, there are 5 genes associates with the function of guanine-nucleotide-binding proteins (G-protein), as follows: GNA15, CXCL5, EDNRA, F2R and LPAR6. This result is in accord with recent studies indicating that G-protein coupled receptor family involved in growth and metastasis of some types of tumors \[[@bib25], [@bib26]\]. CXCL5, YAP/TEAD-regulated genes, has been reported to be associated with unfavorable survival of PDAC patients [@bib27]. F2R was also revealed as hub gene in a microarray analysis of insulinoma [@bib28]. In a previous research, EDNRA was found to upregulate in pancreatic neuroendocrine tumors (PanNET) [@bib29]. GNA15 was not expressed in normal neuroendocrine cells but was overexpressed in gastroenteropancreatic neuroendocrine neoplasia (GEP-NEN) cell lines [@bib30]. There are still limit findings of these candidate genes in PDAC research. The findings reported here still need to be investigated with in vivo and in vitro experiments to verify the functional role of candidate genes.

5. Conclusions {#sec5}
==============

The evidence from this study suggested that the candidate gene might be exploited as a biomarker for diagnosis and therapeutic selection. We found that 5 of 8 candidate genes were related with G-protein signal, which would contribute to research and development of new drug, such as plozalizumab. This study was one of the first attempts to enable bioinformatic data to prospective drug research for malignant pancreatic cancer.

In conclusion, the aim of the present research was to identify the DEGs which were potentially involved in the progression of PDAC. A total of 1006 DEGs and 25 hub genes were selected and analyzed with bioinformatic tools. The 8 candidate genes were finally determined with datasets from Oncomine, which would be regarded as combined biomarkers for PDAC. A further study could assess the biological function and interaction network of these candidate genes in order to elucidate the systemic mechanism of PDAC.
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